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Oseltammr (Tamxﬂu) and zanamivir (Relenza), two extenswely used chmcally effective antl-mﬂuenza drugS,
‘are viral sialidase (also known as neuraminidase) Inhibiters that prevent the release of progeny virions and
thereby limit the spread of infection. Recently mortalmes and neuropsychiatric events-have been reported with
the use of oseltamivir, especnal]y in pediatric cases in Japan, suggesting-that these drugs miglit also inhibit
_endogenous enzymes involved in sialic dcid metabolism;, inciuding sialidase, sialyltransferase, and CMP-
" synthase, in addition to their inhibitory éffects on the viral sialidase. The possible inhibition could account for

-some of the rare side effecis of oseltamivir, However, there has ‘been little direct evidence in-regard.to the . N

.sensuwmes of animal sialidases to these drugs. Here, we examined whether these inhibitors inight indeed aﬂ'ect
the. activities of human_ sialidases, which .differ in prlmary structures and. enzyme properties but possess

tertiary structures similar to those of the viral enzymes. Using recombinant enzymes corresponding to the four -

human sialidases identified so far, we found that oseltamivir carboxjlate scarcely affected the activities of any

of the sialidases, even at 1 miM, while zanamivir sngmﬁcantly inhibited the human sialidases NEU3 and NEU2 -

. -in_the micromolar range (X, 3.7 +"0.48 and 12.9 * 0.07 pM, respectively), prowdmg a-contrast to the low-

"'~ nanomalar concentratwns al which these drugs block the activity of the vu'al szalldases._

The continuing threat of an mﬂuenza pandemic is.a serious
worldwide concern. For the prevennon of influenza, potent and
selective anti-influenza drugs have been developed. The currently
approved agents include inhibilors of the virus, sialidase (8, 25).
“Viral sialidases are membrane components that destroy the sialic
acid-containing receptors on the-surfaces of infected.cells and are
thus'involved in the release of newly budded virions from the host
cell surface to begin a new round of infection. They may thus play.
kc.y roles in the spread of the viral infection togethcr with another
viral surfacé g]ycoprotem, hemagglutinin, involved in the binding
of the virus particles to receptors on the host cells. Studies of the
crystal structures of some of the viral sialidases have facilitated

- 'the rational designing of sialidase inhibitors; the two potent in-
hibitors, oseltamivir {Tamiflu) and zanamivir (Relenza), are sialic
acid analogues that interact with the active sites on the enzymes..

. affect the activities of the endogenous sialidases in humans. In

‘Oseltamivir is a prodrug that is metabolized to its active form,.
oseltamivir carboxylate; after oral administration, while zanamivir
“'Is.designed for delivery by inhalation. Recendy mortalities and.
. .neuropsychiatric events have been reported with the use of osel- -

tamivir, especially.in pediatric cases in Japan (1, 2, 6,9, 12). With
" the drug prescnbed frequently for the treatment of influenza in
Japan and its consumption accounting for more than 70% of that

around the world, Tamiflu has been suspecied to cause abnormal
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behavior and dealhs in Japan, partix::ula_rly in teenagers, although.

no statisticaily significant relationship has been established up to

_the present. Since bath of the drugs are targeted against lhc viral’

sialidase, the question has arisen.as to whether Ihey may alse

fact, theré have been a number of observations (5, 10, 18, 29)

pointing te the mh:bxtory effects of oseltamivir on the endogenous '

sialidases in rats and mice; however, the guestion remains open,
because direct validation of these findings remains limited to one
recent report (11) of the effect of the-drug against a recombinant
sialidase. Under these circumstances, we were prompted to, in-

vesngatc the effects of these drugson thc actmtlcs of endogenous )

human sialidases.

:Up to now, four types of human sialidases have been iden: -
tified and characterizéd, designated NEUL; NEU2, NEU3, and

NEU4 (15). They differ in’ their subcellular localization and

enzymatic properties and in the’ chiromosomal locatization of ..

the ‘genes encoding them; the enzymes are expressed in a
tissue-specific manner. The major subcellular localizations of
NEU1, NEU2, and NEU3 are the lysosomes, ¢ytosel, and

plasma membranes, respectively; while NEU4. s localized in

the lysosomal lumina or mitochdndria and intracellular mem-
branes. We previously discovered (14) that the primary. struc-
ture of rat cytosolic sialidase, the first example of mammalian
sialidase, contain several Asp boxes (~Ser-X-Asp-X—Gly-X—

‘Thr~Trp) and the Arg-Tle-Pro sequence, the conserved se- -

quences found in sialidases from microorganisms (22), despite

.having no particular similarity to those sialidases. The se-
-quence, alignment of other mammalian sialidases successively
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cloned revealed that they all contain the conserved semjuenées_.
A recent study of the crystal structure of human recombinant
NEU2 (3) bas provided further evidenee of a canonical six-

. blade beta-propeller structure, as observed for viral sialidases; -
with the active site jn a shallow crevice, but there are some

differences from viral and bacterial sialidases in amino acid

residues recognizing the N-acetyl and. glycerol moietiés of-
2-deoxy-2,3-dehydro-N-acetylneuraminic  acid (NevAc2en).

The lysosomal sialidase NEUL acts effectively on oligosaccha-

rides, plycopeptides, anda synthetic substrate, 4~methylumbelo—
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- liferyl N-acetylneuraminic acid (4MU—NeuAc) and NEU3isa -

:plasma membrane-associated sialidase that almost specifically
hydrolyzes gangliosides, while the other two enzymes possess
broad substrate specificity, acting on oligosaccharides, glyco-
- peptides, glycoproteins, and gangliosides, as well as on 4MU-

NeuAc: Maximal activities are obtained at a pH of about 4.6

for NEU1, NEUS3, and NEU4 and at pH 3.5 to 6.5 for NEUZ.

brain {Clontech} using random primers and murine leukemia virus reverse trans- -

criptase (Superscriptll) and applied as templates for: the PCR. The PCRs were
caried out in glass capillary reaction vessels {Roche) in 20-pl vdlume reaction

fixtures contzining 0.5 pM prinicrs, cDNA, and QuantiTect SYBR green PCR--
master mix (Qizgen) using porphobilinogen' deaminase as.an intemnal control. A’ - -

standard curve for each cDNA was generated by seal dilution of the pBluescript
veetor containing the gene encoding the entire open reading frame, as dcscn'bcd

previously (30).
Preparation and purification of the recombinant snalidas&.'l‘he calls (2 x 107

e

: 10.5 X 10%) transfected with FLAG-1agged sialidase ¢DNA 2s- described above <o
“were collected, washed with phiosphate-buffered saline, and sonicated on ice je 9 -

velames of ice-cold Yysis buffes. The lysates were cetrifuged at 1,000 X g for 10 -
min at 4°C, and the resultant supsmatants (homogenates) were then used for -~ -

ineasurement.of the sialidase activity or.for further purification. The lysis buffer
A for NEU1 anid NEU2 contained 20 mM potassinm phosphate (pH 6.8), 0.15 M

NaCl, 1 mM phenymethylsulfonyl fluoride, and protease inhibiter cockiail-."

(Roche) and the lysis buffer B for NEU3 and NEU4 was buffer A scontaining 1

- mM-EDTA and- 1% Triton %-100. Purification of the recombinant siatidase
' proteins was performed using FLAG tag affinity chromatography as follows:

“Sialidases of mammallan ongm ‘not only have been :mphcated -

in lysosomal catabolism, playing a role as general glycosidases,

NEU2 was purified from the cytosolic fraction after centrifugation of the ho- ™ -

mogenates at 100,000 X g for 1 b, followed by affinity chromatégraphy.” The
cytosolic fraction of the cells was applied to an anti-FLAG M2 agarose column

C @ mD- {Sigma), washed with 20 ml of lysis buffer A and.successively with 10 ml

but are also believed to play Foles in the modulation of func- . )

. tional molecufes involved in- many biological processes,: .

whereas the roles of the sialidases from microoiganisms ap-
. pear to be Jimited to nutrition and pathogenicity {4). Although

many functional aspects of the mammalian sialidases ate not
tully understood, partly diie to the enzymie instability and low
activity, recent developments in sialidase research have clari-

fied their 1mport‘ant biclogical roles; including their roles in

events involved in cell differentiation, cell growth and apopto-
. sis, and malignant transformation (16).
As described above, human sialidases, while differing from
the viral enzymes in their primary structures and enzyme prop-
erties, show tertiary structures-and active-site ainino acids.sim-"

. ilar to those of the viral sialidases, Therefore, in this study, we -

examined whether the antiviral drugs might have effects on any
" of the four types.of human recombinan sialidases,

MATERIALS AND METHODS _
Céll cubture and sialidase transfection, Human ksdncyZSBT cells (Riken BRC

Cell Bank, Tsukuba, Japan) were maintained in mm:mal essential médium supplé-

ménted with nonesseqtial amino.acids and 10% hem-madlvatcd fetal bovine $6rum,
Eukaryols expression vectors for NEU1, NEU3, and NEUM4 were prepared by

inserting the respective human sialidasé cDNAs covering the open reading frames °

(11, 28, 30) with the FLAG cpitope at the C termini into the EcaR1 site of the

PCAGGS veetar (a g generous gift from Jun-ichi Miyazaki, Osaka University Sehool - -

of Medicine) under the control of the chicken B-dctin promoter. -

To obtain the NEU2 cDNA. {he fisst-strand cDNAs Were synthesized I’mm

. poly(A)T RNA from human brain (Clontech) using oligo(dT)p.15 primers and -
. murine leukemia virus reversg transcriptase (Superscriptl}-reverse transcnptase,

e Invitrogen) and applied as templates for the PER described previously (30). To:'

cover the entive coding sequence, the <DNA was amplified with the two primer

pairs with EcoRE sites (5'-ATGGCOTCCCT.]’CCT GTCCTG-3, forward, and *
S5~TCACTGAGGECAGGTACTCAGC-3") using LA Tag polymerase (T akara), .

su'bdoncd imo pBluescript, scqucnccd and cioncd into the expression vettor.:

Transient DNA trangfection into the HK-293T céiis was nceomphshed using, -

the Effecteng reagent (Qiagen) in accordance with the manufacturer’s instiuc-
tions. After 48 h of transfection, the cells were collécted and homogenized, and
the homogenates were used as the enzyme sotrces or for frther punﬁcallun. For.

' !he NEUT cnzyme, a EDNA for a protective prolcm (carhoxypeptidase A), which
" is known to be associated with the NEUI prolein (13) and B-galactosidase a5 a
" complestin the lysosomes Lo maintain the sialidase activity {7), was cotransfected.
Quantitative analysis of transcripts of Hnman stafidases by real-time PCR.
Quantitative analysis of the transcripts for human sialidases was performed by

real-time PCR using the LightCycler rapid thermal cycler system (Roche). The ..

first-strand cDNAs were synihesized from poly{A)* RNAs from human lung and

of the buffer containing I M NaCl and cluted with buffer A containing the

-FLAG peptides (100 pg/ml) “and‘10% glycerol. For NEU3 punﬁcahon. the -
solubilized fraction after centrifugation al 20,000 X g for 15 min was applied to -

the colimn and then washed with buffer B conlaining 0.2% Triton X-100 (buffer

* C), followed by buffer containing 1 M NaCi, and then eloted with buffer C plus

FLAG peptides and 10% gtycercl,
Sialidase activity assays. The homogenates or punﬁed Iractions obtamed
above wére used for measurement of suahdasc activity using the synthetic sub-

. strate dMU-NeuAc or ganglioside GM3" (NcuAcuZ 3Galp1-4Gicf1-1Cer)

(Alexis Biochemicals). The activities for NEU1, NEUZ2, and NEU4 were mea-
sured routinely in 0.1-m! of a-reaction misture containing 10 rmol sodium
“acelzte buffer (pH 4.6 for NEUI and NEU4; pH 5.5 for NEU2), 40 nmol
AMU-NewAc, 6.1 mg bovine serum albumin, and enzyme. Alfter incubaion for 15

+ 10 30 min at 37°C, the 4-methylumbclliferone released was dclcrmmcd Ruoroe-

B

‘--mclhano! After désaliing was done uvsing a Sep-Pak Cpy cartridge, tota! Yipid *

'melncal[y (14). The reaction mixture for NEU3 activity contained 5 pmol so-

dium acetate buffer (pH 4.5), 19 nmol gangl105|des GM3, 50 pg TritonX-100, 50 -

‘g bovine serum albumin, and enzyme in .50 i and was iptubated for 20 1o 30

fnin at 37°C. The sialic acids released from GM3 were measured by fivorometric”

high-performance liquid chromatography with malononifiile (27). Occasionally,
NEU4 activity was also assayed with GM3 as the substrate in the same manner..
Protein concentrations were determined by dyc-bmdmg assay (Bio-Rad Labo-

ratories). One unit was defined as the amounit of :uzymc cleavmg I amol o[::ahc

acid/h. .
TLC. After 48 h of transfection, the cells-were cubtured in serum-deplcted

medivm for 5 h, followed by treatment of ‘cach drug for a forther 5 h, and the -

cells were 'coifectcd and subjected-to thin-layer chromatogriphy. (TLC). G cho—

lipids werg cxtracted from the cells (1 X% 107) in sequence with 2 mi of sopro- | | .~

- panol-hexane;water (95:25:20 [volivo!lvol}) and hydrelyzed With 0.1 M NaOH-

extracts were fractionated by TLC on high-performance’ TLC plalm {Baker,
Philipsburg, NJ) in C-M-0.5% CaCl, (60:40:0. [vo!hollvol]) and visualized with

.orcinol-H,80,. Densitometric analyses were performed using the Scion,Image -

Ware programs. .

Lectin blotling, To observe the chang&s in the amounts of the endogcnous

. {Scion Corp., Frederick, MB) and Quantity One (Bio-Rad Laboratorics) soft- ’

| glycoproteins, lectin blot analysis was conducted with peanut agglutinin (PNAY. - -
and Ricimus communis“agglutinin (RCA) (Honen, Tokyo, Japan), After 45 hof ~*

- transfection, the cells were cultured in serum-depleted miedium-for 5 K, followed, .

" the :nﬂucnm sialidase activity was assessed using a Hhiorometric method with:

54
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“hy treatment of cach drug for a further 5 h, and the cells collecied were mlbjec‘ted Lt
. d0-lectin blotting. Ceil homogenates were resolved by sodium dodecyl” ‘sulfate-

polyacrylam;dc gel clectrophorcms (SDS-PAGE) and transferred to polyvinyl-
idene difivoride membraines. The blots were washed in a solution containing 10

mM Tris-HCl, pH 7.5, 100 mM NaCl, and 0.1% Tween-20 and incubated with the

solution containing biotinylated lectins. After washing, :hé lectin-bound glyco-

lingame, CA).
Inhibition assay of influenza virus sialidase activity. Inhibitory activity agamst

slight medification (21). Influenza viruses from human and a2nimal fsolates were

propagated in altantoic cavities of 11-day-old chicken eggs for 48 hrat 35°C and °

“proteins were visualized with horseradish pcrondasc-streplawdm (Vcc:or, Bur-

NHW:_{:I'OH,’:!_ bl BJQ*LIIJ.se's,ée wioy,
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g purified k;y sucrose dénsity gradient centrifugation as described previously (24), .

. Te obtam an appropna!c viris concentration for use in the assay, the sialidase |*
. activity.of cach virus was first determined in a total volume of 10 g!'contammg ’
10 mM ‘acetate buffer {pH 6.0), 80 M 4MU-NeuAc substrate, and various’

* concentrations of influenza virus solution. After incubation for 30 min at 37°C,
-the rcachon was stopped ‘and- 100 pl of the soluuon was fransferred to 2 96-wen )

black plaserc plats, andthe Auorescence was mom:orcd For the inhibition assay,
4 j of ‘each dilutian of each inhibitor was preincubated with 4 pl of influenza
virus solution for 1 h at 4°C befare the addition of 2 pl of 400 pM 4MU-NeuAc
substrate in 10 mM acetate buffer {(pH 6.0) 10 begin the reaction, '

RESULTS

Inhibition assays of human sialidase activities for oseltamivir

NEU2 ;
FIG. 1 Companson of the endogenous expression levels of fotr smhdases in the human brain and lung. Quantltatlve analyses of the transcnpta

were, performed with real-time PCR using porphobilinogen deaminase a5 an internal standard as described in Materials and Methods. Bars indicate-
the standard dev:at:ons of the mcans for expenmcnts performed in tnphcate

"

NEU4

presence of oseltamivir phosphatc oseltammr carboxylate

: (Toronto Research Chemicals Inc., ON, Canada}, or ‘zana-
. mivir (26). Considering the substrate. specificity, the sub-
strates exogenously added routinely were 4MU-NeuAg¢ for

NEU1,.NEUZ2,.and NEU4 and the ganglioside GM3 for
NEUS3, because the former three cam preferentially hydro-

1yze 4MU-NeuAc and NEU3 acts almost specifically on gan- -

gliosides (15). Due to.the broad -specificity of NEUA4, the
activity was 250 assayed here with GM3 and 4MU-NeuAc lo

- _-exclude the effects of differences in the substrate. After 15 to

and- zanamivir. Our. previous results from quantitative real-

time PCR indicated that the expressions of NEUI; NEU3; and
NEU4 are readily detectable but expression of NEUZ is hardly

" detectable in human tissues (30). To determine whether NEUZ .

is actually expressed in humans, we attempted to clone the

. cDNA, because NEUZ has been characterized only using a '

genomic clone construcled by ligation of Iwo' genomic frag-
"“ment sequences-(17). A NEU2 cDNA clore was obtained from
" a cDNA synthesized from poly(A)}" 'RNA from the human
brain as the template by PCR and was employed for prepara-

“ tion of the NEUZ enzyme protein. Consistent with our previ- -

" ous data, the expression levels of four sialidases were found to

‘be markedly different. The endogenous levels of four sialidases
were compared with one‘another as they were measured guan-

30" min of incubation, the released 4MU and sialic acids
were determined using a ﬁuqrometer and using flusrometric
high-performance liquid chromatography, tespectively. The
50% inhibitory concentration (1Csq) of each compound was
caiculated by plotting the decrease in activity against the log
df the .ageit concentration. Oseltamivir phosphate did not
affect ary of the human sialidases (data not shown), since
thé prodrug osetamivir is expected to be ineffective.in vitro,
and oseltamivir carboxylate also, showed no.appreciable in-
hibition of the sialidases even at the concentration of 1 mM
(Table 1). Only-the activity of NEUZ appeared to be inhib-
ited, but with a very high ICs In contrast, eseftamivir

carboxylate was fully active against the influenza virus siali-

dases; with IC;ys in the nanomolar range under the condi-
tions described in Materials and Methods. In -addition, a

'nonsc]ecnve sialidase inhibitor, NeuAcZen,-showed ciear

titatively. using standard curves of respective ¢cDNAs; those”

© from the brain and:lung are shown in. Fig. 1. NEU, known as
a target gene for sialidosis, was expressed at the highest level,
followed by NEU3 and NEU4, which were generally expressed

inhibition in- the. micremolar range. While zanamivir did

_cause substantial inhibition of the human sialidases, the

at 1/10 or 1/20 of the level of NEU1. Expression of NEUZ was .

" observed at extremely low levels, being al most only 1/4,000 to
- 110,000 that of NEU1 jin several tissues.
To obtain preparations of all four enzymes, we transncntly

" expressed abundantly in the brain-and is colocalized in the -

transfected the respective expression plasmids into 293T

cells. The cell homogenates and the enzymes, highly purified

cffects were much less marked than those jn testing against
the viral enzymes. NEUZ and-NEU3 seemed to be more

susceptible than the other two sialidases to zanamivir. In--

terestingly, the 1C,, was the lowest for NEU3, which is

plasma membrane with its substrate gangliosides, The X,
and K; values of the compounds for-human sialidases were
then compared using the homogenates {Table 2). Zanamivit

‘was less inhibitory against NEU1 and NEUA4, with K| values °

8007 '5Z Jaqueldes b0 011 FHOOY V1-NNVINJIOH "4 18 60"wsE oeE Woy pepojumoq

by FLAG. peptide elution through FLAG affisity chroma-"

tography (Fig- 2A) were assayed for sialidase activity in the ~ approximately 300- and 20-fold higher, respectively, than
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TABLE 1." ICss of oseltamivir carboxylate, zanamivir, and NeuAc2en for activities of buiman and influenza virus sialidases”

IC;,® of inhibitos with substrate

MeuAcZén with;

. sialidaser . . Oseliamivir carbonylate Zanamivir with:

- - wWith aMU-NeuAc AMU-NeuAc - GM3 4MU-NeuAe GM3
NEU1 *: . >10,000 pM 2,713 + 239 pM . ND 168+ 232 uM ND
NEU2 >6,000 pM 164 % 20pM ND - 455£22pM ND

" NEU3 >10,000 uM " ND* 6831 M T ND .. T03£153uM .
NEU4 | - >10,000 M - 487+292pyM  690+127pM  TBIx8TpM “ND

Sialidases from: .- ) Co- T
" APR/&/34 virus (HIND)- 7090M ‘. 1.56 oM ND , S
A/Aichiz/68 virus (F3N2) 1.55 nM 2.66 M ND R
~AIDK[HK/3T3/4/78 viras _495nM . 3970M. ND - - :
(HSN3) - i R

each value was ob:amed by- pcrformmg two cxpenmcms ND not determined.

[

" against NEU3011 the bt_hcr'h\and', the X; value of oseltami- T
vir carboxylate ‘for NEU2 'was much higher than that of -

zanamivir, To. confitin ‘these” _results, -NEU2 and NEUS3,
which ‘were found in this Bxpenment to, bc a littlé more

. gensitive to the-drugs than the other cnzyme.s, were then -
purified by FLAG tag affinity- chromatography. The final

.enzyme fractions were detérmined to be apparently hono-
- geneous-by SDS-PAGE (Fig: “2A). The specific activities of

the purified fractions were 1,986 + 659 U/ng protein for’

NEUZ and 934- = 183 U/ug protein for NEU3. The Kc,,t

* values calculated were 22,92 * 8.0/s for NEUZ' and 13.0 %,

:2.4fs for NEU3. The K; values of oseltamivir carboxylate and
zanamivir for purified NEU2 were 8,373 = 1,491 and 11.2 =
0. 89 1M, reSpecmely, and the K, toward. 4MU NeuAc was

" 1,865 % 285 uM. For NEUS, ihe K, of zanamiyir was 5.12 &

[1.32'pM and the K, 99.4 + 152 mM with the GM3 sub-

. strate. These valies are similar to those obtained with the -
- homogenates as the enzyme sources, as shown in Table 2.

" “The €NZymes Were, assayed-with-increasing concentrations of |

- substraies in the presence-or absence of the drugs, and the

kinetic data mdmated ‘the’ drug to be a. competitive inhibitor,

as expected It should be noted that the K; value of oselta- -

mivir carboxylate for NEU2 was much ‘greater in-this study
8,373-x 1,491 nM) Ihan that (432 pM) reported by Li et al;

(11)

TABLE 2. K,, and X, values for human sialidases”
K, (pM) of substrate

K; (M) of inhibitor with substrate

Ceven e Oseltamivir Zanamivir with:
Sialidasz " oy " GM3 carboxylate i
NeuAc witht 4MU- - AMU- 'GM3
’ NeuAc NeuAc , .
NEU? . 1,816 490 ND - ND 1,121 = 250 -ND
- NEU2 1,795 £'272- ND 6,032+ 2183 129 x 007 - .
NEU3 ND 456 = 105 ND ND 3.72 £ 048
‘NEU4 203z 2.91 ND ND V5 = 148 ND

. ™Each vaiu'c represenis the mean = siandard deviaiion of tliree or four
experiments. The ganglioside GM3 was used as a substrate for NEU3 because of

its strict prcfcrcncc. ND, not determined, The K, and K; values mcasmed with _

purificd-cnZymes are described in the text.

. substrale prcfcrcnce of - NEU2, However,

* # NEUS3 was cvaluated’ using the panglioside GM3 asa substrate because of i its strict prcfercncc, and in addmon to GM3, AMU-NeuAc was used as anmﬁcrsuhstralc
for NEU4. In the experiments with human shalidases; eacti vajue for zanaimivir or NcuAchn -repregents the mean & SD of threc or fOur expcnmenls. For virus sialidase, .

Effects of oseltamivir and zanamivir on ‘desialylation of en-
dogenous substrates in cells. In addition to the mh:bmon test
with an exogénously added substrate in the assay ‘mbe dex

- scribéd above, we examined whether desialylation of endoge- -
“nous-substrates by NEU2 or NEU3 was blocked in the pres- -

ence ‘of these drugs’in the cell culturc ~The homogenates of
sialidasé¢ transfected and mock- transfectcd cells-were subjected
to lectin blotting or TLC to analy.:e the changes in the amounts.
of glycoproteins or ganghos:dcs respectively. As shown in Fig. -
3, the significant changes were observed in the fransfeéted cells
compared with those in the contro] cells. A marked increase in
several bands of RCA and PNA" lectins, recognizing Gal-
GlcNAc and -Gal- GalNAc, respectively, was_ob§ewtzd in‘'the
.NEU2-transfected cells. Considering that the increase in the
intensities of thé glycoprotein bands occurred as a result of
hydrolysas by the transfected sialidase, it is in agreement, with
0o significant -
changes were observed in the intensities of the corresporniding
protein bands (Fig. 3A); either after the addition of oseltamivir
phosphate or after'the addition of oseltamivir carbosylate at-a
concentration of 500 p.M, as expected frdm the results of. the
activity assays ‘Although zanamivir at this concentration was
effective in the actwny assays,-as shown in Tables Land 2, the
drug did not seem to inhibit ‘NEU2-mediatéd hydrolysis of
endogenous glycoprotems This may not be contradictory, be-
cause the activity of the drug is known to be extracellular and
the drug does not ‘undergo metabolism, In line with the sub- -
strate preference of NEU3 for gangliosides, the glycolipid pat-
terns were altered by NEU3 transfection, especially in.a
marked decrease in GM3 amounts compared with that in the
mock-transfected cells (Fig. 3B). The reduction in the GM3
hydrolyzing activity was’ scarcely detected in treatment with
oseltamivir phosphate nor in that with oseltamivir carboxylate,
while zanamivir significantly abrogated GM3 reduction by the
NEUS3 enzyme. The zanamivir effects may be rcasonable be-
cause NEU3 s localized in cell surface membranes, The cells
" did not show any morphological changes after the addition of
these drugs to the culture. These results suggest that oseltami-
vir at this concentration inhibits' neither the hydrolytic reac-
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FIG. 3.-Effécts of oeltamivis and zanamivic on desialylation.of endogenous substrites of 2037 cells, (A) ‘Alterations of giycoproteitis by . . -

iransfection of NEUZ into 203T cells were observed by PNA and RCA lectin blotting, Intensities of several protein ‘bands (right panel) indicated

were markedly increased in the NEUZ2-transfected cells compared-to-the mock-transfected cells, but no significant changes were observed inthe
NEU2-transfected cells. afier ireatment with any of the drugs at the concentration of 500 pM. (B) The glycotipids were examined by TLC in the.’

“NEU3-transfected cells. The transfected cells showed 2 marked decrease in GM3 amounts compared to mock-transfected cells. Neither addition

of oseltamivir phosphate nor that:
intensities of the bands correspondiig to GM3 in TLC are shown in the night panel.
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of oseltamivir carboxylate changed the patierns, while zanamivir inhibited GM3 hydrolysis by NEU3. Th relative '



